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Description 

Hydrodynamic Bearing, Manufacturing 
Method of Hydrodynamic Bearing, 
Spindle Motor Provided with 
Hydrodynamic Bearing and Disk Drive 
Device Provided with This Spindle Motor 

Background of Invention 
Field of the Invention 

[0001] The present invention relates to a hydrodynamic bearing 

having a composite capillary seal section for preventing 

lubricating fluid retained in the hydrodynamic bearing 

from leaking to the outside of the bearing by utilizing 

both the capillary force and rotational centrifugal force. 
BackgroundArt 

[0002] In a hard disk drive device or removable disk drive device, 
a hydrodynamic bearing has conventionally been used as 
a bearing of a motor for driving a recording disk, that 



generates dynamic pressure by lubricating fluid (for ex- 
ample, oil) retained in a bearing gap between a shaft and 
a sleeve when the motor rotates. Various types of a hy- 
drodynamic bearing have been proposed. 

[0003] This hydrodynamic bearing is required to reduce as much 
as possible the leakage of the oil, retained in the bearing 
gap, to the outside to thereby ensure the lifetime of the 
oil and to maintain the characteristic of the hydrodynamic 
bearing in a stable manner over a long period. In the hy- 
drodynamic bearing using oil as working fluid as de- 
scribed above, a tapered seal gap (hereinafter referred to 
as a capillary seal section) is formed at the edge section of 
the hydrodynamic bearing, wherein oil is retained in the 
capillary seal section while forming a vapor-liquid surface 
between the oil and air in the capillary seal section. 

[0004] In the capillary seal section in the hydrodynamic bearing, 
the size of the gap in the radial direction formed in the 
capillary seal section is gradually expanded as the capil- 
lary seal section is away from the hydrodynamic bearing, 
whereby a difference occurs in the capillary force of the oil 
depending upon the position where the vapor-liquid face 
of the oil retained in the gap in the radial direction is 
formed. Therefore, the capillary seal section has a func- 



tion of supplying oil therefrom, in case where the amount 
of oil retained in the hydrodynamic bearing decreases, 
and a function of accommodating the increasing amount 
in case where the volume of the oil retained in the hydro- 
dynamic bearing increases due to the temperature rise of 
the oil or the like. 

[0005] A composite capillary seal section has recently been pro- 
posed, as a motor having a rotor that rotates at extremely 
high speed, that utilizes "capillary force" of the oil and "ro- 
tational centrifugal force acted when the motor rotates" to 
thereby firmly prevent the oil from flowing to the outside 
of the hydrodynamic bearing. 

[0006] The composite capillary seal section of this type is formed 
in a gap in the radial direction between an inclined face la 
of a rotor 1 and an inclined face 2a of a stationary mem- 
ber 2, as shown in Fig. 13. The size of the gap in the ra- 
dial direction between the inclined faces la and 2a of the 
rotor 1 and the stationary member 2 is gradually ex- 
panded toward an opening side (the downward side in the 
figure) of the composite capillary seal section 3, whereby 
oil 4 is retained in the composite capillary seal section 3. 
Further, a center axis line M of the radial-direction gap in 
the composite capillary seal section 3 is inclined toward 



the direction in wliicli it gradually approaches the rotation 
axis line X, whereby upon the rotation of the rotor 1, the 
composite capillary seal section 3 pumps the oil 4 toward 
the hydrodynamic bearing (the upward side in the figure) 
by the rotational centrifugal force. 

[0007] In the hydrodynamic bearing having the composite capil- 
lary seal section 3, the more the inclination angle of the 
central axis line M of the radial-direction gap in the com- 
posite capillary seal section 3 increases with respect to 
the rotation axis X, the more the rotational centrifugal 
force that pumps the oil 4 toward the hydrodynamic bear- 
ing can be increased upon the rotation of the rotor 1. 
Moreover, in the hydrodynamic bearing provided with the 
composite capillary seal section 3, the sealing function 
can be enhanced as the size of the radial-direction gap in 
the capillary seal section 3 is reduced as much as possible 
and the vapor-liquid face of the oil 4 is positioned in 
more proximate to the hydrodynamic bearing. 

[0008] In this case, however, the vapor-liquid face 4a of the oil 4 
retained in the composite capillary seal section 3 is shifted 
toward the hydrodynamic bearing, so that it is difficult to 
observe the vapor-liquid face 4a, i.e., the management of 
the filling amount of the oil 4 since the inclined face la of 



the rotor 1 interferes. As a result, in case where the filling 
amount of the oil 4 in the hydrodynamic bearing is small, 
the oil 4 may be exhausted, or in case where the filling 
amount is too much, the oil 4 may flow to the outside of 
the composite capillary seal section 3, thereby being diffi- 
cult to ensure the lifetime of the hydrodynamic bearing 
and arising a fear of deteriorating reliability of the hydro- 
dynamic bearing. 
Summary of Invention 

[0009] An object of the present invention is to provide a hydro- 
dynamic bearing that can easily observe a vapor-liquid 
surface of oil in a composite capillary seal section, and its 
manufacturing method. 

[0010] Another object of the present invention is to provide a hy- 
drodynamic bearing provided with a composite capillary 
seal section that can easily manage the filling amount of 
oil in the hydrodynamic bearing, and its manufacturing 
method. 

[0011] Still another object of the present invention is to provide a 
hydrodynamic bearing provided with a composite capillary 
seal section that prevents early exhaustion of oil, prevents 
the leakage of oil toward the outside of the hydrodynamic 
bearing and can retain oil over a long period in a stable 



manner, and its manufacturing method. 

[0012] Still another object of the present invention is to provide a 
spindle motor provided with a hydrodynamic bearing with 
excellent reliability and a disk drive device provided with 
this spindle motor. 

[0013] In order to achieve the above-mentioned subjects, one 
example of the present invention provides a hydrody- 
namic bearing comprising a top plate fixed to the upper 
section of a shaft, the top plate having an ring-shaped 
portion extended in a lower direction, a bottom plate 
fixed to the lower section of a sleeve that rotates relative 
to the shaft about a rotation axis, and a bearing section 
having a dynamic pressure generating groove, formed in a 
minute gap between the upper end face of the sleeve and 
the lower end face of the top plate, that induces dynamic 
pressure in lubricating fluid retained in the minute gap 
upon a rotation of a motor. 

[0014] Further, the hydrodynamic bearing has a capillary seal 

section that is provided adjacent to the bearing section to 
extend from the bearing section toward the bottom plate 
wherein its gap in the radial direction at least increases 
toward a rotation axis, wherein a vapor-liquid face of the 
lubricating fluid is formed in the capillary seal section. 



[0015] the minimum value of radial-direction distances between 
the inner peripheral face of the ring-shaped portion and 
the rotation axis is set as Rl, and a radial-direction dis- 
tance from an inner point on a boundary between the va- 
por-liquid face of the lubricating fluid and the outer pe- 
ripheral face of the sleeve is set as R2, the relationship of 
Rl > R2 is established. 

[0016] According to this, the inner point on the boundary can 

easily and satisfactorily be observed from the position im- 
mediately above the capillary seal section without being 
interfered with the inner peripheral face of the ring- 
shaped portion. 

[0017] The position in the radial direction and the height position 
in the axial direction in the inner point on the boundary is 
measured by the observation of the inner point on the 
boundary, and the measured inner point is adjusted to the 
position that is set in advance, thereby being capable of 
adjusting the filling amount of the lubricating fluid. Ac- 
cordingly, the lubricating fluid in the hydrodynamic bear- 
ing provided with the capillary seal section can be ensured 
over a long period, thereby being capable of remarkably 

enhancing reliability of the hydrodynamic bearing. 
Brief Description of Drawings 



[0018] Fig. 1 is a longitudinal sectional view showing a spindle 

motor provided with a hydrodynamic bearing according to 
one embodiment of the present invention; 

[0019] pjg, 2 is an enlarged longitudinal sectional view showing 
an opening section of a composite capillary seal section 
used for the spindle motor shown in Fig. 1; 

[0020] Fig. 3 is a longitudinal sectional view showing a state 

wherein a inner point measurement is performed to oil in 
the composite capillary seal section; 

[0021] Fig. 4 is an enlarged longitudinal sectional view showing 
an opening section of a composite capillary seal section 
according to a second embodiment of the present inven- 
tion; 

[0022] Fig. 5 is a longitudinal sectional view enlarging a vapor- 
liquid surface of oil retained in the composite capillary 
seal section shown in Fig. 4; 

[0023] Fig. 6 is an enlarged longitudinal sectional view showing 
an opening section of a composite capillary seal section 
according to a third embodiment of the present invention; 

[0024] Fig. 7 is an enlarged longitudinal sectional view showing 
an opening section of a composite capillary seal section 
according to a fourth embodiment of the present inven- 
tion; 



[0025] Fig. 8 is an enlarged longitudinal sectional view showing 
an opening section of a composite capillary seal section 
according to a fifth embodiment of the present invention; 

[0026] Fig. 9 is an enlarged longitudinal sectional view showing 
an opening section of a composite capillary seal section 
according to a sixth embodiment of the present invention; 

[0027] Fig. 10 is a longitudinal sectional view showing a spindle 
motor according to a seventh embodiment provided with 
a hydrodynamic bearing of the present invention; 

[0028] Fig. 11 is a longitudinal sectional view showing a spindle 
motor according to an eighth embodiment provided with a 
hydrodynamic bearing of the present invention; 

[0029] Fig. 12 is a typical view showing a schematic construction 
of a disk drive device provided with the spindle motor 
shown in Figs. 1, 10 and 11; and 

[0030] Fig. 13 is an enlarged longitudinal sectional view showing 

an opening section of a conventional composite capillary 

seal section. 
Detailed Description 

[0031] One embodiment of a hydrodynamic bearing, a manufac- 
turing method of this hydrodynamic bearing, a spindle 
motor using this hydrodynamic bearing and a disk drive 
device provided with this spindle motor will be explained 



herein below with reference to Figs. 1 to 12. The vertical 
direction in each figure is referred to as "vertical direction" 
for the sake of convenience in the explanation about one 
embodiment of the present invention, but this phrase 
does not limit the direction in the actual mounting state. 

[0032] As shown in Fig. 1, a spindle motor of a first embodiment 
has a stationary assembly 10 and a rotor assembly 20 
mounted to the stationary assembly 10 from the upper 
side in the figure. 

[0033] The stationary assembly 10 has a base plate 11 that is 

fixed to a housing 51 of a hard disk drive device (numeral 
50 in Fig. 12). A stator 14 is fixed at the outer peripheral 
face of a cylindrical section 12 formed at an approxi- 
mately central section of this base plate 11. A sleeve 13 is 
fixed to the inner peripheral face of the cylindrical section 

12 by means such as a press-fitting or the like. The sleeve 

13 is a hollow cylindrical member formed of a copper- 
based material such as phosphor bronze for facilitating its 
processing. The lower end section of the sleeve 13 is 
closed by a seal member 15 and a shaft 21 is inserted into 
its inner peripheral face so as to make a gap between the 
shaft 21 and the sleeve 13. The upper end face of the 
sleeve 13 opposes to the rotor assembly 20 via a gap. It 



should be noted that the shaft 21 is formed of a stainless 
steel in this embodiment. 

[0034] The rotor assembly 20 has the shaft 21 and an approxi- 
mately cup-like rotor hub 22 that is fixed above the shaft 
21 in the axial direction. A peripheral wall 22a extending 
downward in the axial direction from the outer peripheral 
section of the rotor hub 22 is formed at the outer periph- 
eral section of the rotor hub 22. A hard disk (numeral 53 
in Fig. 12) is fixedly held at the outer peripheral section of 
the peripheral wall 22a and a rotor magnet 23 that op- 
poses to the stator 14 via a gap in the radial direction is 
held by means such as an adhesion or the like at the inner 
peripheral surface of the peripheral wall 22a. 

[0035] In the above-mentioned construction, the gap between 

the bottom surface of the rotor hub 10 and the upper end 
surface of the sleeve 13, the gap between the inner pe- 
ripheral face of the sleeve 13 and the outer peripheral 
face of the shaft 21 and the gap between the lower end 
face of the shaft 12 and the upper end face of the seal 
member 15 continue to one another. Oil serving as lubri- 
cating fluid is retained in this continuous gap without a 
break. Examples of oil include ester-based one or poly- 
a-olefin-based one. 



[0036] Subsequently, the construction of the hydrodynamic bear- 
ing will be explained. An upper radial dynamic pressure 
bearing RBI and a lower radial dynamic pressure bearing 
RB2 are provided so as to be apart from each other in the 
axial direction in the gap in the radial direction between 
the inner peripheral face of the sleeve 13 and the outer 
peripheral face of the shaft 21. The upper radial dynamic 
pressure bearing RBI and the lower radial dynamic pres- 
sure bearing RB2 is composed of the inner peripheral face 
of the sleeve 13, the outer peripheral face of the shaft 21 
and oil retained in the radial-direction opposing gap be- 
tween the sleeve 13 and the shaft 21. 

[0037] A herring bone groove 30 having a vertically symmetric 

shape is formed at the section on the inner peripheral face 
of the sleeve 13 composing the upper radial dynamic 
pressure bearing RBI in order that oil is induced from 
both end sections in the axial direction of the upper radial 
dynamic pressure bearing RBI to its approximately central 
section. When the rotor assembly 20 rotates, the oil has 
the maximum pressure at the approximately central sec- 
tion of the upper radial dynamic pressure bearing RBI to 
thereby support the rotor assembly 20. 

[0038] Further, a herring bone groove 32 having a vertically sym- 



metric shape is formed at tlie section on tlie inner peripli- 
eral surface of the sleeve 13 composing the lower radial 
dynamic pressure bearing RB2 in order that oil is induced 
from both end sections in the axial direction of the lower 
radial dynamic pressure bearing RB2 to its approximately 
central section. When the rotor assembly 20 rotates, the 
oil has the maximum pressure at the approximately cen- 
tral section of the lower radial dynamic pressure bearing 
RB2 to thereby support the rotor assembly 20. 

[0039] Moreover, a thrust dynamic pressure bearing 34 is formed 
in the gap in the axial direction between the upper end 
face of the sleeve 13 and the bottom face of the rotor hub 
22. The thrust dynamic pressure bearing 34 is composed 
of the upper end face of the sleeve 13, the bottom face of 
the rotor hub 22 and oil retained in the axial-direction 
opposing gap between the sleeve 13 and the rotor hub 
22. A spiral groove 36 is formed at the upper end face of 
the sleeve 13 in order that oil is induced in the inward of 
the radial direction (to the side of the upper outer periph- 
eral face of the shaft 21) when the motor rotates. 

[0040] Further, a ferromagnetic ring-shaped thrust yoke 16 is 
provided at the position on the base plate 11 opposite to 
the rotor magnet 23 in the axial direction. The thrust yoke 



16 produces magnetic suction force in the axial direction 
with tlie rotor magnet 23, so that it balances the bearing 
power in the axial direction acted in the direction of 
floatation (the upward direction in Fig. 1) to thereby stabi- 
lize the support of the rotor assembly 20 in the axial di- 
rection and restrain the occurrence of over-floatation that 
means the rotor assembly 20 floats more than necessary. 

[0041] A composite capillary seal section 38 utilizing both the 
capillary force and the rotational centrifugal force is 
formed at the upper outer peripheral side of the sleeve 
13. As shown in Fig. 2, the composite capillary seal sec- 
tion 38 is provided outward from the thrust dynamic 
pressure bearing 34 in the radial direction. The composite 
capillary seal section 38 is composed of the outer periph- 
eral inclined face 13c of the sleeve 13, the first inner pe- 
ripheral face 25bl of the ring-shaped portion 25 that op- 
poses to the outer peripheral inclined face 13c in the ra- 
dial direction, a radial-direction gap 38a between the 
outer peripheral inclined face 13c and the first inner pe- 
ripheral face 25bl and oil 40, described later in detail, re- 
tained in the radial-direction gap 38a. 

[0042] The ring-shaped portion 25 is a member having an ap- 
proximately ring-like shape formed of a stainless steel or 



the like. Mounted above the ring-shaped portion 25 is a 
plate-lil<e mounting section 25a that is fixed by a fixing 
section 22c formed at the rotor hub 22. The fixing section 
22c of the rotor hub 22 is disposed outward in the radial 
direction from the thrust dynamic pressure bearing 34 on 
the bottom face of the rotor hub 22, and projects down- 
ward in the axial direction from the bottom face of the ro- 
tor hub 22. The fixing section 22c is formed so as to 
cover the mounting section 25a of the ring-shaped por- 
tion 25 from the outside in the axial direction. The ring- 
shaped portion 25 is firmly fixed to the rotor hub 22 by 
doing a plastic deformation such as a caulking or the like 
on the leading end section of the fixing section 22c. 
[0043] Further, as shown in Fig. 1, a flange section 13b project- 
ing outward in the radial direction is formed at the upper 
outer peripheral face of the sleeve 13. The outer periph- 
eral face of the flange section 13b opposes to the inner 
peripheral face of the mounting section 25a of the ring- 
shaped portion 25 in the radial direction via a gap, while 
the lower end face of the flange section 13b opposes to 
the upper end face of the body section 25b of the ring- 
shaped portion 25 in the radial direction via a gap. The 
arrangement of the flange section 13b above the body 



section 25b of the ring-shaped portion 25 in the axial di- 
rection allows to engage the upper end face of the body 
section 25b with the lower end face of the flange section 
13b upon the rotation of the motor, thereby controlling 
the movement of the rotor assembly 20 with respect to 
the stationary assembly 10 in the axial direction. 
[0044] Oil is continuously retained in the gap in which the thrust 
dynamic pressure bearing 34 is formed, the radial-di- 
rection gap between the flange section 13b of the sleeve 
13 and the mounting section 25a of the ring-shaped por- 
tion 25 and the above-mentioned composite capillary seal 
section 38. 

[0045] As shown in Fig. 2, the radial-direction gap 38a between 
the outer peripheral inclined face 13c of the sleeve 13 and 
the first inner peripheral face 25bl of the ring-shaped 
portion 25, both composing the composite capillary seal 
section 38, is formed so as to be gradually expanded to- 
ward the downward in the axial direction, by which a ta- 
pered seal gap producing capillary force is formed. As de- 
scribed above, the oil 40 in the thrust dynamic pressure 
bearing 34 is continuously filled up to the composite cap- 
illary seal section 38, so that the internal pressure of the 
oil 40 and the atmospheric pressure are balanced to form 



a vapor-liquid surface 40a in the composite capillary seal 
section 38. 

[0046] The outer peripheral inclined face 13c of the sleeve 13 
and the first inner peripheral face 25bl of the ring- 
shaped portion 25 that compose the composite capillary 
seal section 38 is formed into a tapered shape that is 
gradually inclined toward the downward in the axial direc- 
tion to the inner side in the radial direction. Specifically, 
the center axis line M of the composite capillary seal sec- 
tion 38 gradually approaches the rotation axis X as it di- 
rects downward in the axial direction. By this construction, 
the rotational centrifugal force generating upon the rota- 
tion of the motor acts to pull the oil 40 in the composite 
capillary seal section 38 into the side of the thrust dy- 
namic pressure bearing 34 (upward in the figure). 

[0047] Here, the radial-direction distance from the rotation axis 
X of the shaft 21 to the leading end section 25b2 of the 
first inner peripheral face 25bl of the ring-shaped portion 
25 is set as Rl. Further, a inner point 40b where the va- 
por-liquid face 40a of the oil 40 comes in contact with the 
outer peripheral inclined face 13c of the sleeve 13 is set 
as a inner point in this embodiment. The outer peripheral 
inclined face 13c of the sleeve 13 is formed to have a fol- 



lowing construction in order to malce it possible to detect 
and measure the position of the inner point 40b in the 
composite capillary seal section 38 with a microscope or 
the like. 

[0048] Specifically, if the radial-direction distance from the rota- 
tion axis X to the inner point 40b is set as R2, the shape 
and the inclination angle of the first inner peripheral face 
25bl of the ring-shaped portion 25 are set such that the 
radial-direction distance Rl becomes longer than the ra- 
dial-direction distance R2 (Rl > R2). 

[0049] In this case, the inclination angle of the outer peripheral 
inclined face 13c provided at the outer peripheral face of 
the sleeve 13 is set to a range within from about 20 de- 
grees to about 35 degrees, preferably a range within from 
about 26 degrees to about 33 degrees, with respect to the 
rotation axis X. Further, the inclination angle of the first 
inner peripheral face 25bl of the ring-shaped portion 25 
is set to a range within from about 15 degrees to about 
30 degrees, preferably a range within from about 20 de- 
grees to about 27 degrees, with respect to the rotation 
axis X. The inclination angle of the composite capillary 
seal section 38 formed between the outer peripheral in- 
clined face 13c and the first inner peripheral face 25bl is 



set to a range within from about 2 degrees to about 15 
degrees, preferably a range within from about 5 degrees 
to about 10 degrees, with respect to the rotation axis X. 
[0050] Subsequently explained is the inner point 40b of the va- 
por-liquid face 40a of the oil 40 in this embodiment. At 
first, a bearing assembly 42 is formed in which the sleeve 
13 and the ring-shaped portion 25 are respectively 
mounted to the rotor hub 22 and the shaft 21 as shown in 
Fig. 3. Subsequently, oil is filled in the gap composing the 
upper and lower radial dynamic pressure bearings RBI 
and RB2, the thrust dynamic pressure bearing 34 and the 
composite capillary seal section 38. Then, the bearing as- 
sembly 42 is set such that the leading end section 25b2 of 
the composite capillary seal section 38 is positioned up- 
ward in the axial direction. The vapor-liquid face 40a of 
the oil 40 retained in the composite capillary seal section 
38 is observed from the position immediately above the 
composite capillary seal section 38 as shown by an arrow 
44, to thereby measure the position of the inner point 40b 
of the vapor-liquid face 40a. Examples of a method for 
observing the vapor-liquid face 40a include a method for 
observing by irradiating laser beam, a method by visual 
observation, or a method by using a microscope or the 



like. 

[0051] At this time, the inner point 40b can easily and satisfacto- 
rily be observed from the position immediately above the 
composite capillary seal section 38 without being inter- 
fered by the first inner peripheral face 25bl of the ring- 
shaped portion 25. The radial-direction position of the 
vapor-liquid face 40a in the composite capillary seal sec- 
tion 38 is measured by the observation of the inner point 
40b, whereby the radial-direction position of the vapor- 
liquid face 40a is adjusted to a preset position based 
upon this measurement. This can adjust a total filling 
amount of the oil 40 upon assembling the motor. There- 
fore, the oil 40 in the hydrodynamic bearing provided with 
the composite capillary seal section 38 can be ensured 
over a long period, thereby being capable of remarkably 
enhancing reliability of the hydrodynamic bearing. 

[0052] Subsequently, a second embodiment of the present inven- 
tion will be explained with reference to Figs. 4 and 5. The 
motor of this embodiment has a construction basically 
same as that in the above-mentioned first embodiment, 
so that the corresponding members are designated by nu- 
merals of one hundred something for clarifying the corre- 
spondence. Further, the different points are only ex- 



plained in tlie following explanation. 
[0053] A inner point 140b of a vapor-liquid face 140a in a com- 
posite capillary seal section 138 in the second embodi- 
ment is different from that of the first embodiment. 
Specifically, the inner point 140b is set at the position 
where a radial-direction plane Y that is perpendicular to 
the rotation axis X comes in contact with the vapor-liquid 
face 140a of oil 140. The liquid level of the vapor-liquid 
face 140a of the oil 140 is measured at this inner point 
140b. 

[0054] jhe liquid level of the vapor-liquid face 140a of the oil 
140 obtained by measuring the inner point 140b is ad- 
Justed to a preset position in the composite capillary seal 
section 138, thereby adjusting the filling amount of the oil 
140. In this way, the adjustment of the filling amount of 
the oil 140 can surely be performed in the second embod- 
iment, too. 

[0055] Subsequently, third and fourth embodiments of the 

present invention will be explained with reference to Figs. 
6 and 7. The motor of this embodiment has a construction 
basically same as that in the above-mentioned first em- 
bodiment, so that the corresponding members are desig- 
nated by numerals of two hundred something or three 



hundred something for clarifying the correspondence. 
Further, the different points are only explained in the fol- 
lowing explanation. 
[0056] As shown in Fig. 6 as the third embodiment, formed at the 
inner peripheral face of a ring-shaped portion 225 are a 
first inner peripheral face 225bl that opposes to an outer 
peripheral inclined face 213c of a sleeve 213 and extends 
in the direction of inclination toward the radial-direction 
inner side with respect to the rotation axis X from the 
edge section of the thrust dynamic pressure bearing 
(upper side in Fig. 6) and a second inner peripheral face 
225b3 that communicates to the first inner peripheral 
face 225bl and extends in the direction of inclination to- 
ward the radial-direction inner side with respect to the 
rotation axis X. A first capillary seal section 238a whose 
gap size is gradually expanded in the downward in the 
axial direction from the thrust dynamic pressure bearing 
is formed in a gap between the outer peripheral inclined 
face 213c of the sleeve 213 and the first inner peripheral 
face 225bl. Similarly, a second capillary seal section 238b 
whose gap size is gradually expanded in the downward 
direction in the axial direction from the first capillary seal 
section 238a is formed in a gap between the outer pe- 



ripheral inclined face 213c of tlie sleeve 213 and the sec- 
ond inner peripheral face 225b3. 

[0057] The first inner peripheral face 225bl that composes the 
first capillary seal section 238a forms a first angle 6^ with 
respect to the rotation axis X, the angle 6^ taking an angle 
value of 0 ^©^^ 90°. Further, the second inner peripheral 
face 225b3 that composes the second capillary seal sec- 
tion 238b forms a second angle 6^ with respect to the ro- 
tation axis X, the angle 6^ taking an angle value of 0 ^^2- 
90°. The relationship between the first angle 9^ and the 
second angle 9 is 9 > 9 . 

[0058] The oil 240 retained in the thrust dynamic pressure bear- 
ing is filled up to the first capillary seal section 238a. 

[0059] It should be noted that a second inner peripheral face 

325b3 of a ring-shaped portion 325 is formed to be sub- 
stantially parallel to the rotation axis X in the fourth em- 
bodiment shown in Fig. 7. 

[0060] In the third and fourth embodiments, suitable second in- 
ner peripheral faces 225b3 and 325b3 are formed with 
respect to first inner peripheral faces 225bl and 325bl of 
the ring-shaped portions 225 and 325, thereby being ca- 
pable of more easily and more surely performing the ob- 
servation of the vapor-liquid faces 240a and 340a of the 



oils 240 and 340 retained in tlie composite capillary seal 
section 238 and 338, i.e., the measurement of the inner 
point, from the position immediately above the composite 
capillary seal sections 238 and 338 as shown by arrows 
244 and 344. 

[0061] Further, the distance from the vapor-liquid faces 240a 
and 340a of the oils 240 and 340 to the edge section of 
the thrust dynamic pressure bearing (not shown) at the 
upper side in Figs. 6 and 7, i.e., the size of the gap where 
oils 240 and 340 can be stored in the composite capillary 
seal sections 238 and 338 can further be increased, 
thereby being capable of increasing the capacities of the 
composite capillary seal sections 238 and 338. 

[0062] Subsequently, a fifth embodiment of the present invention 
will be explained with reference to Fig. 8. The motor of 
this embodiment has a construction basically same as that 
in the above-mentioned first embodiment, so that the 
corresponding members are designated by numerals of 
four hundred something for clarifying the correspon- 
dence. Further, the different points are only explained in 
the following explanation. 

[0063] In the fifth embodiment, a second inner peripheral face 
425b4 formed by curving a part of a first inner peripheral 



face 425bl is formed at the lower side of the first inner 
peripheral face 425bl of a ring-shaped portion 425 in the 
axial direction. The fifth embodiment can achieve the op- 
erational effect same as those in the above-mentioned 
third and fourth embodiments. 

[0064] Subsequently, a sixth embodiment of the present inven- 
tion will be explained with reference to Fig. 9. The motor 
of this embodiment has a construction basically same as 
that in the above-mentioned first embodiment, so that 
the corresponding members are designated by numerals 
of five hundred something for clarifying the correspon- 
dence. Further, the different points are only explained in 
the following explanation. Moreover, a composite capillary 
seal section 538 in the sixth embodiment has a construc- 
tion basically same as that in the fourth embodiment. 

[0065] In the sixth embodiment, a vapor-liquid surface 540a of 
oil 540 is formed at the side of the thrust dynamic pres- 
sure bearing (upper side in the figure) upon rotating the 
motor, while it is formed in a radial-direction gap between 
an outer peripheral inclined face 513c of a sleeve 513 and 
a second inner peripheral face 525b3 of a ring-shaped 
portion 525 when the rotation of the motor is stopped. By 
this construction, it is possible to measure the position 



where the vapor-liquid face 540a is formed by observing 
a width DFw of the vapor-liquid face 540a of the oil 540, 
thereby being capable of adjusting the filling amount of 
the oil 540. 

[0066] Further, the first capillary seal section 538a has a great 
inclination angle from the outward toward the inward in 
the radial direction with respect to the rotation axis X, 
while the second capillary seal section 538b has a slight 
inclination angle with respect to the rotation axis X. 
Therefore, the oil 540 retained in the first capillary seal 
section 538a is pressed toward the thrust dynamic pres- 
sure bearing with the centrifugal force when the motor 
rotates at a high speed, with which the vapor-liquid face 
540a formed in the second capillary seal section 538b is 
also pulled in toward the first capillary seal section 538a, 
whereby sealing strength is increased. 

[0067] Moreover, in the sixth embodiment, the center axis line 
Ml of the second capillary seal section 538b has a slight 
inclination angle with respect to the rotation axis X. 
Therefore, when the rotation of the motor is stopped, i.e., 
even in case, for example, where vibration of the motor 
occurs in the axial direction due to external force, the 
width DFw of the vapor-liquid face 540a formed on a bro- 



ken line hardly changes. Accordingly, the breakdown of 
the vapor-liquid face 540a caused by the external force 
and the scattering of the oil 540 to the outside of the hy- 
drodynamic bearing with this breakdown are prevented, 
and hence, the pollution in or out of the spindle motor is 
prevented. 

[0068] Subsequently, a seventh embodiment of the present in- 
vention will be explained with reference to Fig. 10. The 
motor of this embodiment has a construction basically 
same as that in the above-mentioned first embodiment, 
so that the corresponding members are designated by nu- 
merals of six hundred something for clarifying the corre- 
spondence. Further, the different points are only ex- 
plained in the following explanation. 

[0069] In the seventh embodiment, a ring-shaped stopper mem- 
ber 660 is fixed to the lower end section of a shaft 621. 
This stopper member 660 is accommodated in a concave 
section 613d that opens in the axial direction at the lower 
end section of the sleeve 613, and faces to the concave 
section 613d in the axial and radial directions. The stop- 
per member 660 prevents that a rotor assembly 620 is 
detached from a stationary assembly 610. The seventh 
embodiment can attain the operational effect same as 



those in the above-mentioned each embodiment. 

[0070] Subsequently, an eighth embodiment of the present in- 
vention will be explained with reference to Fig. 11. The 
motor of this embodiment has a construction basically 
same as that in the above-mentioned first embodiment, 
so that the corresponding members are designated by nu- 
merals of seven hundred something for clarifying the cor- 
respondence. Further, the different points are only ex- 
plained in the following explanation. 

[0071] In the eighth embodiment, a shaft 721 is fixed to the ap- 
proximately central section of a base plate 711 that is a 
part of a stationary assembly 710. The stationary assem- 
bly 710 supports a rotor assembly 720 via a hydrody- 
namic bearing. The hydrodynamic bearing is provided 
with upper and lower radial dynamic pressure bearings 
RBI and RB2 formed in a radial-direction gap between the 
outer peripheral surface of the shaft 721 and the inner 
peripheral surface of the sleeve 713 and a thrust dynamic 
pressure bearing 734 formed in an axial-direction gap 
between the upper end surface of the base plate 711 and 
the lower end surface of the sleeve 713. It should be 
noted that a top plate represents the base plate 711 and a 
bottom plate represents a rotor hub 722 in this embodi- 



ment. 

[0072] The eighth embodiment can attain the operational effect 
same as those in the above-mentioned each embodiment. 

[0073] Subsequently, an internal construction of a popular disk 
drive device 50 will be explained with reference to Fig. 12. 
The inside of a housing 51 forms a clean space having ex- 
tremely less dust, in which a spindle motor 52 having a 
disc-like disk plate 53 for memorizing information 
mounted thereto is installed. Additionally, a head moving 
mechanism 57 that reads and writes information from or 
to the disk plate 53 is arranged in the housing 51. This 
head moving mechanism 57 is composed of a head sec- 
tion 56 that reads and writes the information on the disk 
plate 53, an arm 55 that supports the head section 56 and 
an actuator section 54 that moves the head 56 and the 
arm 55 to a required position on the disk plate 53. 

[0074] The spindle motors shown in Figs. 1, 10 and 11 are used 
as the spindle motor 52 in this disk drive device 50, with 
the result that a high-speed and high-precise rotational 
support can be achieved. Therefore, it is possible to cope 
with high-capacity of the disk plate 53. In addition to this, 
the pollution in the housing 51 due to the oil scattered 
from the hydrodynamic bearing of the spindle motor 52 is 



prevented. Consequently, an error in reading /writing the 
recording data in the disl< plate 53 can be prevented as 
much as possible, thereby being capable of enhancing re- 
liability and durability. 
[0075] Although only some exemplary embodiments of this in- 
vention have been described in detail above, those skilled 
in the art will readily appreciated that many modifications 
are possible in the exemplary embodiments without ma- 
terially departing from the novel teachings and advan- 
tages of this invention. Accordingly, all such modifications 
are intended to be included within the scope of this in- 
vention. 

[0076] For example, the present invention is applied to a spindle 
motor for a hard disk drive device (HDD) in the above- 
mentioned each embodiment, but the present invention 
can similarly be applied to many other various types of 
hydrodynamic bearings. 

[0077] |\/ioreover, the sleeve in each embodiment can also be 
formed of oil-impregnated porous sintered body. 

[0078] Further, the base plate in each embodiment can also be 
formed integral with the housing of the hard disk drive 
device. 



